The role of ATP-sensitive potassium (KATP) channels in modulating the action potential and contraction of guinea pig ventricular myocytes was investigated. Under voltage clamp, the maximum whole-cell KAT channel conductance was estimated (195+ 10 nS, n=6) 
shows the results of an experiment designed to measure the maximal conductance available through KATP channels. On exposure to metabolic blockade, there was a very large increase in conductance that was quasi-linear; this increase reversed at approximately -75 mV ( Figure 2B 
GATP was proportional to the P0 of the "simulated" (Figure 3) , the ATP dependence of channel activity (I) could be described by a sigmoid relation ( Figure 3B ): As the GATP was increased, the action potential shortened ( Figures 4A and 4B ) in a manner similar to the action potential shortening produced by the activation of KATP channels after metabolic blockade ( Figure 1 ). As GATP increased and the action potential shortened, the twitch amplitude declined (Figures 4A and 4B) 5 mV. Figure 5B shows that a monotonically declining relation existed between APD and GATP in five experiments. The empirical curve was a least-squares fit according to Equation 3 : When metabolism is inhibited in cardiac cells, APD and the twitch amplitude decline to undetectable levels (Figure 1) . Potentially, the changes in APD could result from the activation of any outward current or the decline of any inward current. Voltage-clamp studies indicate that an increase in outward current is primarily responsible.2 Reversal of the action potential shortening and increased outward current by injection of ATP'2,16 or application of glybenclamide"l provides reasonable evidence that these effects occur because of the activation of KATP channels, although whether or not decreased ATP is responsible for channel activation is a matter of controversy.' We propose that a fall in ATP is responsible for channel activation under these conditions, since it has been shown that injection of ATP can reverse the action potential shortening and contractile failure that result from metabolic inhibition.12,16 It is clearly important to answer the following question: How does APD depend on KATP channel activity and [ATP]i? However, at the present time it is not possible to measure simultaneously intracellular nucleotide levels and electrical or mechanical parameters in single cells. It has also proven very difficult to control the level of nucleotides3; therefore, there is no direct way to correlate the [ATP] i and APD at the single cell level. We have previously used a computer simulation (oxsoFT, D. Noble, Oxford, England) to model the effects of KATP channel activation on the rat heart action potential.3 There are many adjustable parameters in such a mathematical model, and a guinea pig version of the model is not currently available. In the present study, we have used a more direct approach to determine the effects of KATP channel activation on the guinea pig ventricular action potential and contraction. The current through KATP channels over the physiological membrane voltage range (-80 to +20 mV; Figure 2 ) is quite well described by a time-independent, linear conductance. We have used these features to mimic the effect of current activation on APD in the intact cell. This approach uses the real cell and therefore has obvious advantages over the use of a computer simulation of current activation. A previous study24 investigating the effects of current injection on the action potential has used constant-current pulses. By feeding-back an appropriately scaled and offset Given the ATP dependence of KATP channel activity in inside-out membrane patches under physiological conditions (Figure 3, kl,2=114 ,uM, H=2 ) and the maximum current available (GATp=195 nS) through KATP channels (Figure 2) , our results permit the estimation of the ATP dependence of APD and twitch amplitude in guinea pig ventricular myocytes. We measured 50% shortening of the APD at an injected conductance of 1.3 nS, which was 0.70% of our measured estimate of the maximum available conductance. Given the measured ATP dependence of channel activity (Figure 3) , 0.7% of maximum channel activity would occur at 1.36 mM ATP, more than an order of magnitude higher than the k1,2 for channel activity. Ten percent shortening of the APD would occur at 0.13% of maximum channel activity, corresponding to 3.1 mM ATP* ( Figure 5C sensitivity that is too high for the channel to be of physiological importance, may be part of a powerful negative-feedback system that will protect the cell *Maximal conductance could have been underestimated for at least two reasons: 1) In four experiments, current rundown was apparent as soon as maximal current was reached. 2) It is possible that the length constant may have decreased critically.12 We could independently estimate the maximum available conductance3 from the number of channels present in isolated membrane patches. In the experiments shown in Figure 3, 
Conclusions
The results of this study suggest that even very small increases in the PO of KATP channels (<1%), which therefore require small decreases of [ATP] will result in significant shortening of the guinea pig cardiac APD and reduction of the twitch amplitude. This finding has important implications for the role of KATP channel activity in the electrical and chemical derangements resulting from metabolic compromise in mild or severe myocardial ischemia.
